NOvA is a long-baseline neutrino oscillation experiment. It uses the NuMI beam from Fermilab and two sampling calorimeter detectors placed off-axis from the beam. The 293 ton Near Detector measures the unoscillated neutrino energy spectrum, which can be used to predict the neutrino energy spectrum observed at the 14 kton Far Detector. The Near Detector also provides an excellent opportunity to measure neutrino interaction cross sections with high statistics, which will benefit current and future long-baseline neutrino oscillation experiments. This analysis implements new algorithms to identify ν µ charge-current events by using visual deep learning tools such as convolutional neural networks. We present the status of a measurement of the inclusive ν µ CC cross section in the NOvA Near Detector.
); establishment of whether nature violates CP in the lepton sector. To achieve these goals we need a precision oscillation experiment. Understanding of the incoming neutrino energy, detector efficiency and modeling of neutrino-nucleus scattering is critical for such precise oscillation measurements.
Charged-current (CC) interactions, with a charged-lepton in the final state, are used to measure 3-flavor oscillations probabilities. The final state lepton identifies the neutrino flavor and the energy of the neutrino can be reconstructed. However, the initially produced hadrons interact with dense nuclear matter within the nucleus, the final state interactions (FSI) can change the energy, angle and even the charge state of the originally produced hadrons (for example charged pion goes in to neutral pion and some pions get absorbed within the nucleus and do not emerge in the detector). Therefore, predicting the kinematic distributions of the final state leptons is critical. Such predictions rely on a-priori knowledge of neutrino-nucleus cross sections. As shown in Fig. 1 
B. Analysis Overview
We aim to measure the muon-neutrino charged-current inclusive cross section in the NOvA near detector in bins of true neutrino energy:
as well as flux-integrated double-differential cross section with respect to the final-state muon's true kinetic energy and true angle:
Here, N sel is the number of selected events, N bkg is the estimated number of background events, and U is the unfolding matrix that corrects the reconstructed quantities for detector resolution, acceptance and efficiency, Φ is the neutrino flux, is signal selection efficiency and N target is the number of target nucleons in the fiducial volume. This measurement is of interest to the general neutrino community, and the measured kinematic distributions of the final-state muon can be used to improve the simulated neutrino interactions in the NOvA detectors. The inclusive cross section measurement may serve as a basis for future muon-neutrino semi-inclusive cross section measurements, in particular where the dominant flux systematic uncertainty can be mitigated via the ratio of semi-inclusive to inclusive measurements. The signal in this measurement is defined as all ν µ CC interactions where the true neutrino energy is between 0.75 and 4 GeV and the true interaction vertex is in a well-defined fiducial volume. All interactions other than ν µ CC or those ν µ CC interactions that occur outside of the fiducial volume are regarded as background.
II. EVENT SELECTION
This analysis requires selection of ν µ CC signal events. A pre-selection of the data requires at least one reconstructed track (trajectory of particle through detector), and filters out events with less than 20 hits (activity on a particular cell). The starting point of the reconstructed muon track is assumed to be the vertex of the ν µ CC interaction and must fall inside our fiducial volume. In addition, we remove events where the muon track is not fully contained in the detector. Our first goal to select a ν µ CC event is to identify a muon in the event (individual fundamental interactions). To identify a muon track in the reconstructed ν µ CC event we use a multivariate analysis implementing a k-Nearest Neighbor algorithm. 
III. DEEP LEARNING BASED EVENT SELECTION
Convolutional neural networks (CNNs) have been widely applied in the machine learning community to solve complex problems in image recognition and analysis. CNN technology can also be applied to the problem of identifying particle interactions in the NOvA sampling calorimeters commonly used in high energy physics [3] . The NOvA CNN algorithm, CVN (Convolutional Visual Network) identifies neutrino interactions based on their topology without the need for detailed reconstruction currently used by the NOvA experiment.
The network is trained on two dimensional views of the event's calibrated hits and the output from each view is then combined in the final layers of the network. The use of CVN to select ν e interactions for the appearance measurement in the NOvA FD resulted in an effective increase in exposure of 30% compared to traditional event identification methods [3] .
We have developed a technique to select ν µ CC interactions in the NOvA ND using CVN optimized to minimize of the fractional systematic uncertainties on the inclusive ν µ CC cross section from the background estimation and efficiency (Fig 4) :
The systematic uncertainty is estimated by comparison of modified Monte Carlo (MC) with our nominal Monte Carlo. The dominant pieces of the systematic uncertainty for this analysis are: the flux uncertainty, determined from comparisons to external hadron production data [4] , Cross-section and Final State Interaction (FSI) uncertainty are determined using GENIE re-weighting scheme [5] , and the hadronic energy uncertainty. The statistical uncertainty is very small, less than 1%, for most of the bins is shown in Fig. 3 . In summary, we will use the NOvA ND to measure the ν µ CC cross-section in addition to neutrino oscillation studies. However, the flux uncertainty is dominant (∼ 8-10%), compared to non-flux uncertainties (∼5%). We have developed a CVN based approach to select muon neutrino charge current events. Optimization of muon paricle identification and estimation of the measured neutrino energy is in progress. Office of Science, Office of High Energy Physics.
